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(57) Abstract 

A T.V. surveillance camera is disclosed. The camera comprises a lens (1), and electronic means (8. 9, 10) for deriving wdeo 
signals (S) from images focused by the lens (1) onto image sensors (4, 6). Separating means (2) are provided to (a) separate essen- 
tially visible light (V) from the lens (1) and pass that light (V) to a first sensor (4), and (b) separate essentially infra-red Ught OR) 
from the lens (I) and pass that light (IR) to an image intensificr (5) coupled to a second sensor (6). The image intcnsifier (5) is 
preferred to be a Gen 3 intensifier. Separation may be effected by means of a dichroic mirror (2) reflecting light below 700 nm 
and transmitting light above 700 nm, with a reflecting mirror (3) to correct the reversal of the didiroic mirror (2). 
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T.V, Surveillance Camera 

- This invention relates to T.V. cameras intended for use 
in bolA. daytime and night-time conditions, such as in 
surveillance operations. 

Intensified T.V. cameras inevitably give less-than-perfect 
pictures during daytime due to the necessity of limiting 
the light" level at the input photocathode of the image 
intensifier which is required for night-time operations. 
The poorer picture under daylight conditions (compared 
to typical daytime-only cameras) may be regarded as the 
price which must be paid to achieve good night-time per- 
formance. 

The Mean Time Between Failure of such an intensified 
camera is governed to a large extent by the life of the 
image intensifier, and the useful life of an intensifier 
is inversely related to the photocathode illumination. 
The average daytime illumination is much higher than 
the average night-time illumination and, consequently, 
the major part of the life of the device is used up during 
the day when the camera is employed continuously. 

In recent years, several cameras have been developed 
which attempt to optimise both night-time and daytime 
performance by incorporating two complete cameras in 
a common housing and using a common lens. Change-over 
between^ day and r^^^ operation is achieved by .-mechan- 

ically shifting the daytime imaging sensor and the night- 
time intensif ier/imaging sensor. 

It is one object of the present invention to provide 
combined night-time and day-time cameras which do not 
require the intensif iers/sensors to be moved mechanically. 
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The image intensifier technology used in night-time T.v. 
cameras was originally developed for night-time use in 
rifle sights and night driving/flying goggles. The early 
intensifiers (which are still manufactured) use a high 
voltage to accelerate electrons released from the photo- 
cathode towards a phosphor screen. The impact of each 
electron onto the screen releases many photons r and lumi- 
nous gain of IQOx is not xmtypical. Tubes using this 
principle are known as First Generation tubes (Gen 1) . 
For night sight use, three tubes may be coupled together 
to give luminous gains of 50,000 or more, but such a 
combination is very bulky and iinsuitable for use in, 
for example, goggles and other situations. 

Small, light-weight image intensifiers with gains similar 
to three coupled Gen 1 intensifiers were subsequently 
developed by the inclusion of a Micro Channel Plate (MCP) 
which can be thought of as an array of photo-multipliers. 
The term used to describe this technology is Second Gener- 
ation (Gen 2). Both Gen 1 and Gen 2 intensifiers use 
alkali-based photo-cathodes termed S20 and S25, both 
of which materials can be damaged by exposure to high 
levels of illumination, even when the devices are un- 
powered. The S25 multi-alkali photo-cathode is char- 
acterised by a better near infra-red (IR) response than 
the S20 bi-alkali photo-cathode. The spectrum of night- 
time (star-light) illumination contains a considerable 
IR component. In quantative terms, the responsivity 
of the photo-cathode is ' "typically 300 micro-amps per 
lumen (2856''K source). 

Further developments have been made in photocathode techno- 
logy to obtain better responsivity, and this has resulted 
in an MCP-based image intensifier with a gallium arsenide 
photocathode, which is known as Third Generation (Gen 
3) . A gallium-arsenide photocathode has a responsivity 
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of typically 1000 micro-amps per lumen (2856 degrees 
K source) , and these intensif iers are fitted with micro 
channel plates to yield high luminous gains. A feature 
of a gallium arsenide photocathode is that it has virtually 
no response below a wavelength of 600m (that is over 
most of the visible spectrum) but has an excellent response 
between 600 and 900 nm wavelengths. 

The development of small mdnochrome "anS"'bblb^ TV cameras 
has generated an interest in day/night cameras using 
a single lens with two internal cameras to give optimum 
daytime (frequently colour) and intensified night-time 
performance. These cameras use Gen 2 intensif iers coupled 
to CCD sensors for night-time use. The change-over from 
daytime sensor to night-time sensor is achieved mechani- 
cally by moving one sensor away from the lens and moving 
the other to take its place. The change-over time can 
be quite long, say 15 to 30 seconds, and no picture is 
available during this time, which can be a serious short- 
coming in some covert surveillance situations- Further- 
more, mechanical shift can generate sound and virtually 
all mechanical systems are fallible to a degree. 

The broad concept of the present invention is to separate 
at least a substantial proportion of the IR part of the 
spectrum of light incoming through the camera, lens and 
pass that proportion to an image intensifier before being 
sensed, whereas the remaining and largely visible light 
is sensed by a separate image-sensor which may be colour. 

According to the present invention, there is provided 
a T.V. surveillance camera, comprising lens means, and 
electronic means for deriving video signals from images 
focused by said lens means onto image sensors, character- 
ised' in that separating means are provided to (a) separate 
essentially visible light from the lens means and pass 
that light to a first sensor, and (b) separate essentially 



wo 90/05426 



- 4 - 



PCr/GB89/01319 



IR light from the lens means and pass that light to an 
image intensifier coupled to a second sensor. 

Suitably r separation is effected by means of a dichroic 
or 'cold' mirror which, ideally, reflects light below 
about 700 nm and transmits light above about 700 nm. 
Preferably, said image intensifier comprises a Gen 3 
intensifier as .hereinbefore defined. 

The Gen 3 intensifier has a spectral response which is 
mainly in the near IR, This property therefore allows 
a spectrum separation technique to be used, using purely 
optical means, to pass the IR part to the Gen 3 intensifier 
and the visible part to the colour (or mono-chrome) camera. 

An embodiment of the invention will now be described, 
by way of example, with reference to the accompanying, 
diagrammatic, drawings in which: 

Figure 1 is a layout showing the components of a 
camera according to the invention; 

Figure 2 is a graph illustrating cold-mirror 
response; 

Figure 3 is a graph illustrating Gen 3 cathode 
response; ctnd 

^'riglire " 4 ^ i^^^^ a graph illustrating night-sky Xlli^^^^ 
nation . 

Referring to Fig. l, the scene being imaged by the camera 
passes through lens 1, a 'cold* mirror 2 which uses 
dichroic coatings to pass the infra-red (IR) part of 
the spectrum and to reflect the visible part (V) of the 
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spectrum. The mirror is set at 45** to the optical path 
and, consequently, the visible part of the spectrum is 
turned through 90** to be reflected again by a standard 
reflecting mirror 3 and focused onto the surface of a 
daytime CCD sensor 4 which may be mono-'Chrome or colour. 
The mirror 3 is provided to correct the reversal of mirror 
2 or, alternatively, the second reversal could be achieved 

electronically. The ^IR part of, the spectrum passes 

directly to focus onto the photo-cathode of a Gen 3 image 
intensifier 5. 

The physical positions of the image intensifier and daytime 
sensor along their respective optical axes, are set to 
maintain a properly focused image. 

A monochrome CCD sensor 6 is coupled to the output window 
of the intensifier 5 by means of a coherent fibre optic 
bundle or taper 7; as an alternative, lens coupling between 
the intensifier and the sensor can be used. Electronic 
assemblies 8 and 9 comprise the circuits for the night-time 
and daytime sensors, respectively. Circuits 10 select 
signals received from the sensors 6 and 4, via their 
respective electronic assemblies, and produce a video 
signal (S) for the monitor screen (not shown)* The cir- 
cuits 10 also generate control signals to drive the iris 
of the lens 1 and to set the gain of the intensifier 
(if fitted with this facility). 

It will be apprectatei ' "th above-described combined 

daytime and night-time camera uses spectrum selecting 
filters/ and preferably Gen 3 intensifier s although Gen 
2 and even Gen 1 intensifiers might give acceptable 
results. Pick-up tube image sensors or related tech- 
nologies can also be employed, with appropriate modifi- 
cation. It is also possible that the electric assemblies 
8 and 9 could be combined or shared. 
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In operation of the surveillance camera of the invention, 
continuous viewing can be achieved despite variations 
in ambient light, -including the complete changes between 
daytime to night-time conditions. 

During daytime, the camera lens l, which may be a lens 

as . iised with a 35mm photographic camera,- receives high 

level illumination which is passed on to the cold mirror 
2. The visible portion is reflected onto the daytime 
imaging sensor 4 via the mirror 3. The iris of the lens 
is set by means of the control circuits 10 to give the 
optimum light level on the daytime sensor. At this level, 
the IR portion of the light collected by the lens 1 and 
which passes through the cold mirror 2 onto the photo- 
cathode of the intensifier 5, is at a quite low level 
and causes little or no long terra damage to the photo- 
cathode of the intensifier. 

The IR portion of light falling on colour imaging sensors 
must be removed, otherwise the output signal would show 
an excessively red component due to its appreciable IR 
response. The cold mirror 2 conveniently performs this 
function. The transition wavelength of this mirror may 
be reduced to 650nm or below, without a significant degrad- 
ation in colour rendition. 

As the light level falls towards night-time, there comes 
■ a point at which the signal bistained from tiie daytime 
sensor is too small to be of use. Intensification is 
then required, and the intensifier 5 and its associated 
imaging sensor 6 and electronics 8 can be activated. 
The intensifier uses only the IR part of the light through 
the 16ns 1 which is passed by the cold mirror 2. The 
• control circuits 10 set the intensifier gain (if controll- 
able) and lens iris, to give optimum performance. Under 
the very lowest light conditions (i.e. below moonlight). 
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the night-time illumination is substantially in the IR 
range (see Fig. 4) and little is lost by the filtering 
out of the visible portion of the spectrum by the cold 
mirror 2. 
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CLAIMS 



1. A T.V. surveillance camera, comprising lens means, 

and electronic means for deriving video signals from 

images focused by said lens means onto image sensors, 

characterised in that separating means are provided 

to [a] separate essentially visible light from the lens 

means and pass that .light,.,to, a. first inege senses 

separate essentially IR light from the lens means and pass 

that light to an image intensifier coupled to a second 
image sensor. 

2. A T.V. surveillance camera is claimed in Claim 1 , 
in which separation is effected by means of a dichroic 
mirror . 

3. A T.V. surveillance camera as claimed in Claim 2, 
in which said dichroic mirror reflects light below 700 
nm and transmits light above 700 nm. 

4. A T.V, surveillance camera as claimed in Claim 2 
or Claim 3, in which a reflecting mirror is provided 
to correct the optical reversal of said dichroic mirror. 

5. A T.V. surveillance camera as claimed in Claim 2 
or Claim 3, in which electronic means are provided to 
correct the optical reversal of said dichroic mirror. 

6. A T.V. surveillance camera as claimed in any preced- 
ing Claim, in which said image intensifier . comprises 
a Gen 3 intensifier (as hereinbefore defined). 

7. A T.V. surveillance camera as claimed in any preced- 
ing Claim, in which said first image sensor comprises 
part of a colour camera system. 

8. A T.V. surveillance camera as claimed in any preceding 
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Claim, in which said second image sensor and its said 
image intensifier comprise parts of a mono-chrome camera 
system* 

9, A T*V. surveillance camera as claimed in Claim 5 
or Claim 6, in which said lens means comprises a standard 
35 mm camera lens having an iris operated automatically 
by the electronic assemblies of the camera systems « 

10. A T.V, surveillance camera, substantially as herein- 
before described with reference to the accompanying draw- 
ings. 
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